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ELECTRONIC DEVICE WITH PAGING FOR ENERGY CURTAILMENT AND CODE 
GENERATION FOR MANUAL VERIFICATION OF CURTAILMENT 

Technical Field 

This invention relates generally to electronic devices, and is more particularly directed 
toward systems and methods for requesting energy curtailment through the use of 
communications with an electronic device. 

Background 

Blackouts are sometimes caused because of a failure of the utility company's power system. 
Sometimes a failure is caused by a malfunction in the system. In addition, certain events (e.g., a 
hurricane, tornado, lightning storm, etc.) can damage parts of the system that in turn result in a 
blackout or partial blackout. However, sometimes blackouts can be caused by a demand for power 
resources that exceeds the supply of power available. In times of peak usage, energy providers may 
be susceptible to blackouts or brownouts because of power shortages. Blackouts or brownouts may 
be avoided by instructing users of the system to reduce their power consumption during power 
shortages. In addition, power may be conserved by requesting that users of the system reduce their 
power consumption. It would be beneficial to use modern computer and communications 
technology to reduce the likelihood of power outages or shortages. 

Computer and communication technologies continue to advance at a rapid pace. Indeed, 
computer and communication technologies are involved in many aspects of a person's day. For 
example, many devices being used today by consumers have a small computer inside of the device. 
These small computers come in varying sizes and degrees of sophistication. These small computers 
include everything from one microcontroller to a fully-functional complete computer system. For 
example, these small computers may be a one-chip computer, such as a microcontroller, a one- 
board type of computer, such as a controller, a typical desktop computer, such as an IBM-PC 
compatible, etc. 

Computers typically have one or more processors at the heart of the computer. The 
processor(s) usually are interconnected to different external inputs and outputs and function to 
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manage the particular computer or device. For example, a processor in a thermostat may be 
connected to buttons used to select the temperature setting, to the furnace or air conditioner to 
change the temperature, and to temperature sensors to read and display the current temperature on a 
display. 

Many appliances, devices, etc., include one or more small computers. For example, 
thermostats, furnaces, air conditioning systems, refrigerators, telephones, typewriters, automobiles, 
vending machines, and many different types of industrial equipment now typically have small 
computers, or processors, inside of them. Computer software runs the processors of these 
computers and tells the processors what to do to carry out certain tasks. For example, the computer 
software running on a thermostat may cause an air conditioner to stop running when a particular 
temperature is reached or may cause a heater to turn on when needed. 

These types of small computers that are a part of a device, appliance, tool, etc., are often 
referred to as embedded systems. The term "embedded system" usually refers to computer 
hardware and software that is part of a larger system. Embedded systems may not have typical 
input and output devices such as a keyboard, mouse, and/or monitor. Usually, at the heart of each 
embedded system is one or more processors). 

Embedded systems may be used to control or monitor the use of certain resources. For 
example, an embedded system may be used to control and/or monitor the power used, the water 
used, the temperature, the lighting, etc. Benefits may be realized through the use of embedded 
systems to control and/or monitor the use of resources. 

Summary of the Invention 

A curtailment module is disclosed for enabling an energy provider to send a request to 
curtail energy use to a user. The curtailment module includes an interface for electronic 
communications with a temperature control device. A paging module is used to receive the 
request from the energy provider through a paging network. The curtailment module also 
includes a processor in electronic communication with the paging module for receiving the 
request from the paging module. Memory is also included and is in electronic communication 
with the processor. 



The memory of the curtailment module may be programmed for particular tasks. For 
example, the memory may be programmed with instructions to cause the curtailment module to 
receive the request from the energy provider. In addition, the memory may be programmed with 
instructions for communicating with the temperature control device. Further, the memory may 
be programmed to cause the processor to store history data relating to the temperature control 
device. The memory may also be programmed with instructions to generate a verification code 
to verify whether the request was followed. The verification code instructions may use a device 
ID, the history data and/or a curtailment message in generating the verification code. 

Embodiments of the curtailment module may also include a display for outputting 
information to the user and an input device for enabling the user to enter a user input. The 
verification code may be displayed to the user using the display. 

The temperature control device may be used to control the temperature of a structure 
remotely located from the energy provider. The structure broadly includes any structure at a 
location that uses a heating unit and/or a cooling unit to affect the temperature of the structure. 

A method is also disclosed for requesting that energy use be curtailed at the structure and 
for verifying curtailment. The method includes creating a curtailment message to send to the 
structure, sending the curtailment message to the structure through a pager network, receiving the 
curtailment message by a curtailment module at the structure, displaying the curtailment message 
at the structure, monitoring the temperature control device in electronic communication with the 
curtailment module, saving history data that relates to settings from the temperature control 
device, generating a verification code that verifies whether the curtailment message was 
followed, and displaying the verification code at the structure for the user. 

Brief Description of the Drawings 

The present embodiments will become more fully apparent from the following description 
and appended claims, taken in conjunction with the accompanying drawings. Understanding that 
these drawings depict only typical embodiments and are, therefore, not to be considered limiting of 
the invention's scope, the embodiments will be described with additional specificity and detail 
through use of the accompanying drawings in which: 
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Figure 1 is a block diagram of an embodiment illustrating the use of a paging network to 
request energy curtailment; 

Figure 2 is a block diagram of another embodiment illustrating the use of a paging network 
to request energy curtailment; 

Figure 3 is a block diagram of an embodiment illustrating the use of a message center and 
paging network to request energy curtailment; 

Figure 4 is a block diagram of an embodiment of an energy provider; 

Figure 5 is a block diagram of an embodiment of a curtailment message; 

Figure 6 is a block diagram of another embodiment of a curtailment message; 

Figure 7 is a block diagram illustrating hardware components of an embodiment of a 
message center; 

Figure 8 is a block diagram illustrating software components of an embodiment of a 
message center; 

Figure 9 is a block diagram illustrating hardware components of an embodiment of a 
curtailment module; 

Figure 10 is a block diagram illustrating software components of an embodiment of a 
curtailment module; and 

Figure 11 is a flow diagram of a method for requesting energy curtailment and for 
verification of the curtailment. 

Detailed Description 

It will be readily understood that the components of the embodiments as generally described 
and illustrated in the Figures herein, could be arranged and designed in a wide variety of different 
configurations. Thus, the following more detailed description of the embodiments of the system 
and method of the present invention, as represented in the Figures, is not intended to limit the scope 
of the invention, as claimed, but is merely representative of the embodiments of the invention. 

Figure 1 is a block diagram of an embodiment of a system 20 illustrating the use of a paging 
network 22 to request energy curtailment by a user at a particular structure 23 at a location. An 
energy provider 24 (e.g., a power company, a utility company, etc.) may desire to request that its 



-5- 



users curtail or decrease their power consumption at a particular time or times. For example, an 
energy provider 24 may desire to request that its users decrease their power consumption by a 
particular amount at peak use times. Energy providers 24 may request the curtailment through a 
specific request relating to the use of temperature control of the structure 23. As will be explained 
below, such a request may ask the user to reduce the use of an air conditioner or the use of a heater 
in order to save energy. 

The structure 23 refers to any structure that uses energy to control the temperature of the 
structure. For example, a structure 23 may be a home, a garage, an office, a warehouse, a studio, an 
arena, a store, etc. 

To request curtailment, the energy provider 24 may send a page to a curtailment module 26 
at the structure 23 to request a curtailment. As shown in Figure 1, the curtailment module 26 may 
be a separate component in relation to the temperature control device 28. Typically users will 
already have a temperature control device 28 (e.g., a thermostat) at their location. The curtailment 
module 26 receives the curtailment request from the paging network 22 and notifies the user of the 
request. The curtailment module 26 also is in communication with the temperature control device 
28 to verify curtailment. 

The temperature control device 28 may be in electronic communication with a heating unit 
27 and/or a cooling unit 29. The heating unit 27 and the cooling unit 29 operate to affect the 
temperature of the structure 23. 

Figure 2 is a block diagram of another embodiment of a system 30 illustrating the use of a 
paging network 22 to request energy curtailment. Figure 2 illustrates a combined temperature 
control device and curtailment module 32. Those skilled in the art will appreciate that the hardware 
and/or software components of the curtailment module 26 may be combined with a temperature 
control device 28 for a combination temperature control device and curtailment module 32. The 
combination temperature control device and curtailment module 32 is in electronic communication 
with the heating unit 27 and/or the cooling unit 29. 

Figure 3 is a block diagram of an embodiment of a system 34 illustrating the use of a 
message center 36 and paging network 22 to request energy curtailment. The message center 36 
may be provided to handle the sending of messages through the paging network 22 to the 
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curtailment modules 26 at various structures 23. The message center 36 will be more fully 
discussed below. 

Figure 4 is a block diagram of an embodiment of an energy provider 24. Many energy 
providers 24 are in existence and use commercially available billing systems 38 for billing users for 
the use of power or energy. Thus, those skilled in the art will appreciate the various types of billing 
systems 38 that may be used by an energy provider 24. 

The energy provider 24 includes curtailment messages 40. The curtailment messages 40 
allow an embodiment of an energy provider 24 to verify curtailment for users and give any due 
credit to the user. The curtailment verification 42 functionality verifies whether the user actually 
curtailed his or her power or energy use. As will be disclosed below, a code may be generated that 
can be used to verify curtailment. The curtailment verification 42 functionality may perform 
similar steps as will be described herein to verify curtailment. 

Figure 5 is a block diagram of an embodiment of a curtailment message 40. A curtailment 
message 40 may include several curtailment requests 44. For example, Figure 5 illustrates three 
curtailment requests 44a, 44b, 44c in the curtailment message 40. Each curtailment request 44 of 
the embodiment shown in Figure 5 illustrates data fields included in the request 44. The data 
includes fields for the date 46 of the requested curtailment, for the time(s) 48 of the curtailment, the 
curtailment 50, and the savings 52 to the user should the user curtail as requested. Other 54 data 
fields may also be included in the curtailment request 44 as needed. The curtailment field 50 
indicates what curtailment is being requested. For example, the curtailment field 50 may indicate to 
the user to reduce his or her power or energy consumption by a certain percent. Alternatively, the 
curtailment field 50 may indicate to the user to change the setting on his or her thermostat by a 
specific amount. Those skilled in the art will appreciate the various types of curtailment requests 
that could be made. The savings field 52 indicates to the user what the savings or credits will be if 
the curtailment is followed. For example, the savings may be a reduction of the cost to the user by 
a certain percent. Alternatively, it may be a rebate of a certain amount. Those skilled in the art will 
appreciate that various other types of savings and/or credits may be given to users for curtailing as 
requested. 
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Figure 6 is a block diagram of another embodiment of a curtailment message 56. The 
curtailment message 56 may include several curtailment requests 58. Figure 6 illustrates three 
curtailment requests 58a, 58b, 58c in the curtailment message 56. Each curtailment request 58 of 
the embodiment shown in Figure 6 also illustrates data fields included in the request 58. The data 
includes fields for the time(s) 60 of the curtailment, the curtailment type 62, and the curtailment 
value 64. 

The time field 60 may be used to indicate at what time a curtailment should begin. Those 
skilled in the art will appreciate that the time field 60 may be formatted to include a number of 
beginning times and a number of ending times. If no date were included in the time field 60, the 
embodiment sending this message may be configured to send out curtailment messages on the day 
of the curtailment, or a specified number of days before the curtailment, such that the curtailment 
module 26 may obtain the date to be associated with the particular times. Alternatively, no date 
included may be used to indicate that the curtailment message 56 is effective for each day until a 
new curtailment message 56 is broadcast. 

The curtailment type field 62 indicates what type of curtailment is being requested. For 
example, the curtailment type field 62 may indicate to the user to reduce his or her power or energy 
consumption by a certain percent. Alternatively, the curtailment type field 62 may indicate to the 
user to change the setting on his or her thermostat by a specific amount. Further, a variable 
curtailment type 62 may be requested indicating to the user that, depending on how much curtailing 
is accomplished, the user will realize proportionate savings. The curtailment value field 64 is 
associated with the curtailment type 62 to define the curtailment request. For example, if the 
curtailment type 62 indicated that the curtailment request was requesting a certain percentage 
reduction in power consumption associated with air conditioning a structure 23, the curtailment 
value 64 may be a number defining the exact percentage. By way of further example, if the 
curtailment type 62 indicated to a user to reduce the temperature setting on his or her thermostat by 
a fixed number of degrees, the curtailment value 64 may be used to define the fixed number (e.g., a 
curtailment value of 3 to define the fixed number of degrees to 3 degrees). 

Figure 7 is a block diagram of hardware components that may be used in an embodiment of 
a message center 66. As illustrated in Figure 3, a message center 66 may be used to handle the 
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sending of messages through the paging network 22 to the curtailment modules 26 at various 
locations. The communications link between the energy provider 24 and the message center 36, 66 
may be based on standard protocols and security. 

The embodiment of a message center 66 shown in Figure 7 communicates with the 
curtailment module(s) 26 through the paging network 22. One possible paging network 22 that 
may be used is the paging network provided by SkyTel Communications, Inc. Paging 
units/modules 68 that can communicate using paging networks 22 are commercially available. 

The message center 66 may route messages to the network operations center (not shown) 
for the paging network 22. The use of paging networks and sending/receiving pages is known in 
the art. 

The paging module 68 used to communicate with the curtailment module 26 may be 
configured for single direction paging (one-way paging) from the energy provider 24 and/or 
message center 66 to the curtailment module 26. Using one-way paging typically reduces the cost 
of the paging service and the components required to send and receive pages. Of course, it will be 
appreciated that two-way paging may be used. 

A computer may be used to implement the message center 66. Many different types of 
computer systems may be used to implement the message center 66. The diagram of Figure 7 
illustrates typical components of a computer system including a processor 67, memory 69, a storage 
device 71, an input device 73, and an output device 75. One or more communication ports 77 may 
also be included in the message center 66. It will be appreciated by those skilled in the art that 
many more components may be included in the message center 66. For example, several input 
devices 73 may be included, such as a keyboard, a mouse, a joystick, a touchscreen, etc. In 
addition, several output devices may be included such as a monitor, speakers, a printer, etc. Thus, 
those skilled in the art will appreciate that many additional components may be added to the 
message center 66 without detracting from the functionality to serve as a message center 66. 

Figure 8 illustrates components of an embodiment of a message center 66 that may be 
implemented through software and/or stored data on the storage 71 or memory 69 of the message 
center 66. A message handler 72 may handle messages being communicated through the paging 
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module 68 and paging network 22. The message handler 72 may read and write data to and from 
the paging module 68 in order to send and receive messages through the paging network 22. 

The message center 66 may include a message queue 70 to queue up the curtailment 
messages 76 to be sent out, or to queue up messages being received. 

Customer identifications 74 may be included at the message center 66 to identify the 
various customers that may receive curtailment messages 76. Customer identification data 74 
may include as much information as the message center 66 and/or the energy provider 24 deem 
necessary or appropriate. For example, a customer identification may include the name of the 
customer (not shown), the address (not shown), the telephone number (not shown), the device 
identification, etc. 

The curtailment messages 76 may also be stored at the message center 66. The 
curtailment messages 76 may include all the curtailment messages sent out, or it may only keep a 
certain number of messages that have been sent out. 

Figure 9 is a block diagram illustrating hardware components of an embodiment of a 
curtailment module 26. An embodiment of a curtailment module 26 includes a processor 78 and 
memory 80. Those skilled in the art will appreciate the various types of processors and memory 
that can be used. For example, an embodiment of the curtailment module 26 may include a 
single-board computer that includes the processor 78 and memory 80. Such single-board 
computers are commercially available. Alternatively, the curtailment module 26 may include a 
microcontroller as the processor 78. In addition, embodiments of the curtailment module 26 may 
include flash memory. 

The curtailment module 26 may also include communications ports 82. The 
communications ports 82 enable communication with other electronic devices. Those skilled in 
the art will appreciate the various types of communication ports that can be used with the 
embodiments herein. 

A paging module 84 is included in the curtailment module 26 for communications 
through the paging network 22. Paging units or modules 84 that are capable of receiving pages 
through a paging network 22 are commercially available. One such commercially available 
pager communications module is the CreataLink receiver module available from Motorola, Inc. 
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The embodiment of Figure 9 also includes a keypad 86 or a set of buttons or switches for 
input. Through the input means a user may navigate through menus, cause curtailment messages 
to be displayed, cause the verification code to be displayed, etc. The keypad 86, or any other 
input means that could be used with the curtailment module 26, is used to by the user to enter 
5 user inputs. Other input means may include a touch screen, switches, sensors, a keyboard, a 
mouse, a joystick, etc. It will be appreciated by one skilled in the art that many different types of 
input means may be used with the curtailment module 26. 

An embodiment of a curtailment module 26 may also include a display 88 or other output 
device to present information to the user. For example, when a curtailment message 40, 56 is 
10 sent to the curtailment module 26, the message or information relating to the message may be 
W displayed to the user on a display 88. A typical display used is an LCD. Other output devices 
may also be used. For example, a speaker for voice messages to the user could be used, a printer 
may also be used to print information for the user. In addition, the curtailment module 26 may 
not directly present information to the user but may send information to another device for 
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£0 15 presenting the information to the user. For example, the curtailment module 26 may send 
p information to a telephone (not shown), a television (not shown), a personal computer (not 
pjj shown), etc., for that particular device to present the information to the user. 
FU The embodiments disclosed herein may be used to send curtailment messages 40, 56 that 

p relate to temperature control. Those skilled in the art will appreciate, however, that curtailment 
20 messages 40, 56 could be sent regarding other resources such as overall power used, water used, 
telephone usage, etc. Depending upon the type of resource being curtailed, the curtailment 
module 26 may be in electronic communication with various kinds of devices. For temperature 
control, the curtailment module 26 may include an interface 90 for the temperature control device 
28. This interface 90 is used to establish electronic communications with the temperature control 
25 device 28, which may be a thermostat (not shown). 

For the embodiment used for temperature control by interfacing with a thermostat, the 
particular design of the interface 90 will depend upon the capabilities and/or functionality of the 
thermostat. The curtailment module 26 monitors the settings and/or readings of the thermostat in 
order to be able to verify that any curtailments were or were not followed. For a particular 
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thermostat's specifications, those skilled in the art would appreciate how to communicate with 
the thermostat. 

Alternatively, and as shown in Figure 2, the curtailment module 26 and the temperature 
control device 28 may be combined to form a combination temperature control device with 
5 curtailment module 32. If a combination module 32 were used, an interface 90 for the 
temperature controller may not be needed because of the integration of the two components. 

Figure 10 is a block diagram illustrating software components of an embodiment of a 
curtailment module 26. Although the items of Figure 10 are described as being software 
components, it will be appreciated that hardware components may be substituted for various 
10 software components. In addition, some hardware components may be achieved through software 
W components. 

CO A customer identification 92 may be stored to identify the customer. A device identification 

Ci 94 may be stored to identify the curtailment module 26 being used. In addition, the curtailment 
i[| messages 98 may be stored by the curtailment module 26. Depending upon the number of 
tH 15 messages 98 being received, and depending upon the amount of memory 80 available, either all of 

s 

P the messages 98 may be stored or only a certain number of messages 98 may be stored. 

Jj| The past settings of the temperature control device 28, as well as the past readings of the 

fU temperature control device 28, may be stored in history data 100. For example, the temperature 

Q . 

^ reading at periodic intervals may be stored for later use. In addition, the user's settings of the 
20 desired temperature may also be stored. Through use of the curtailment messages 98 and of the 
history data 100, a verification code 102 or codes 102 may be generated. 

Energy provider's 24 may offer savings or credits to users if they curtail as requested. For 
user's to get the savings or credits, they may be instructed to contact their energy provider 24 
through some means and report to their provider 24 the verification code(s) 102. The user may 
25 make a telephone call to the provider 24 to request the savings, or the user may send an e-mail to a 
particular address requesting the savings, or the user may complete an online form to receive the 
savings, etc. The verification code(s) 102 are used by the energy provider 24 to verify whether the 
user actually did curtail as instructed or requested. 

The code generater 104 generates the verification code(s) 102 based on the user's inputs to 
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the curtailment module 26 and to the temperature control device 28.v For example, if a curtailment 
message 98 indicated to the user to reduce the temperature setting on the user's thermostat by two 
percent between 2 p.m and 5 p.m., the code generator 104, using the history data 100, would 
generate a code 102 that would indicate to the energy provider 24 whether the user actually reduced 
the temperature setting by two percent for the three hours requested. 

The code generator 104 is a function that takes inputs and generates output. In one 
embodiment, the code generate 104 may be a hash function. The hash function takes as inputs the 
curtailment message 98, or parts of the message 98, and the history data 100, or parts of the history 
data 100, to generate the verification code 102. Of course, other pieces of data may also be used as 
input parameters to the hash function to generate a verification code 102. 

Several different hash functions may be stored by the curtailment module 26. If more than 
one code generator 104 is available, the verification code 102 may be generated by a particular code 
generator 104 indicated by a data field in the curtailment message 98. 

The code generator 104 may be implemented through various types of functions that 
produce output. For example, the code generator 104 may include a CRC function (not shown). In 
addition, the code generator 104 may include a cryptographic function, such as DES. 

Figure 11 is a flow diagram of a method for requesting energy curtailment and for 
verification of the curtailment. An energy provider 24 may send 106 a message to the curtailment 
module 26 to curtail energy use in some way. The curtailment module 26 receives 108 the 
message. The curtailment message 40, 56 may be stored 110 and/or displayed 110. The 
curtailment module 26 monitors 112 the temperature control device 28 for actual curtailment and 
generates 114 a code 102 for curtailment verification. 

Once the code 102 has been generated, the verification code 102 may be stored 116 and/or 
displayed 116 for use by the user in curtailment verification. To verify curtailment, the user 
presents 118 the curtailment verification code 102 to the energy provider 24 for any curtailment 
savings or credit. 

The present invention may be embodied in other specific forms without departing from its 
spirit or essential characteristics. The described embodiments are to be considered in all respects 
only as illustrative, and not restrictive. The scope of the invention is, therefore, indicated by the 
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appended claims, rather than by the foregoing description. All changes which come within the 
meaning and range of equivalency of the claims are to be embraced within their scope. 
What is claimed is: 
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